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ABSTRACT 
This thesis is consisted of four chapters. Chapter one contains \an introductory part 
including scope and the objectives of the research. Since the present research is 
divided in to three major parts, chapter two, three and four is arranged accordingly. 
Each chapter includes an introduction discussing the relevant literature, the 
experimental work, results and discussions and finally, the conclusions drawn. The 
contents of this thesis can be best summarized as follows. 
Mechanical properties and biodegradability of composites of LDPE with tapioca 
starch 
A series of LDPE/starch composites containing different amounts of starch (as wt %) 
were prepared using tapioca starch in its native granular form. Mixing was done by 
dissolving LDPE in cyclohexane pre-heated to its boiling point and subsequently 
dispersing starch granules by using Silverson emulsifier. The composites were studied 
by using Fourier Transform Infra-red spectroscopy (FTIR). The failure modes, 
mechanical properties, water absorption, biodegradation and the biodegradation after 
thermal incubation were investigated as a function of the composition of the 
composite. It was found that the incorporation of starch into LDPE matrix has reduced 
the ductility of the composite. The mechanical properties of the composites, 
especially the tensile strength and elongation at break were significantly low 
compared to those of neat LDPE. A significant improvement in modulus was shown 
by the composites. It was found that the mechanical properties were depended on the 
composition of the composite. 
The extent of the biodegradability, after exposure to a-amylase enzyme solution, was 
assessed by weight loss measurements and loss of mechanical properties such as 
tensile strength and percentage elongation. It was found that these composites are 
biodegradable and the rate of biodegradation increases with increasing starch content. 
The extent of biodegradation after thermal incubation was assessed by the loss of 
tensile strength measurements of the composites after incubation of the samples in an 
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air circulation oven at 70 C and subsequently exposing to cc-amylase enzyme 
solution. It was found that the degradability of the samples was not significantly 
affected by the thermal incubation. 
Preparation and characterization of long chain fatty acid esters of tapioca starch 
A series of starch esters witii different degree of substitution (DS) were prepared and 
studied. The esters were prepared by acylation of tapioca starch with appropriate acid 
chlorides such as stearoyl and oleoyl chlorides. Fourier transform infrared (FTIR) 
spectroscopy confirmed the formation of the starch esters and their DS. As a 
measurement of the DS of an ester the peak height ratio responsible for O-H bond 
stretching to C = 0 bond stretching of the esters were considered. The DS of starch 
stearates were 5.3, 4.5, 2.6, 2.0 and 1.60. The DS of starch oleates were 3.55, 2.0, 1.90 
and 1.21. With increasing DS the color intensities of the esters were improved. 
Melting temperatures of the esters were determined by using Differential thermal 
analyzer. The thermo-oxidation degradation of tapioca starch and starch esters, were 
assessed by using Fourier Transform Infra-red (FTIR) spectroscopy, after the 
incubation of the samples in an air circulation oven at 70 °C. The presence of thermo-
oxidative degradation was shown in both types of the starch esters. Starch has not 
shown thermo-oxidative degradation. 
Mechanical properties and biodegradability of composites of LDPE with fatty 
acid esters of tapioca starch 
A series of Low Density Polyethylene (LDPE) composites containing different 
amounts of fatty esters of starch were prepared. Mixing was done by dissolving 
LDPE, in cyclohexane pre-heated to its boiling temperature, and subsequently, mixing 
starch esters using Siverson Emulsifier. Two different types of starch esters, starch 
stearate and oleate with different (DS) were utilized in the preparation of these LDPE 
composites. Polarized light micrographs were used to assess the miscibility of LDPE 
with starch esters. 
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The miscibility of the eomponents was found to be improved with increasing DS of 
the ester. Water absorption, mechanical properties, biodegradation and biodegradation 
after thermal incubation were investigated as a function of the composition of the 
composite. Comparing with the LDPE/starch composites a significant reduction in the 
water absorption was resulted in the LDPE/starch ester composites. It was found that 
as the amount of esters increases in the composite, the tensile strength and especially 
the elongation at break decrease non-linearly. The LDPE/starch ester composites 
containing starch esters of high DS have shown improved tensile properties than those 
of LDPE/starch composites. As expected, the fatty ester chains in the starch ester 
molecules have not shown the plasticizing effect in the composite. The percentage 
elongation properties were significantly reduced with the introduction of the esters 
into LDPE. 
The extent of the biodegradability of the composites after exposure to a-amylase and 
lipase enzyme solutions was assessed by weight loss and mechanical properties 
measurements. The rate of biodegradation of LDPE/starch ester composites was 
relatively low compared to that of LDPE/starch composites. The rate of 
biodegradation of these LDPE/starch ester composites further decreases with 
increasing DS of the ester in the composite. The extent of the biodegradation of the 
composites after incubation of the samples at air circulation oven at 70 °C and 
subsequently immersing in the enzymatic solutions was assessed by the tensile 
strength measurements. It was found that the degradability of the ester composites 
was significantly high and the degradation rate increases with the increasing DS of the 
ester. Highest rate of degradation was observed in the LDPE/starch ester composite 
containing starch oleate of the highest DS. 
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